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DEFINITIONS
IDA publishes the following documents to report the results of its work.

Reports
Reports are the most authoritative and most carefully considered products IDA publishes.
They normally embody results of major projects which (a) have a direct bearing on

decisions affecting major programs, (0, address issues of significant concern to the
Executive Branch, the Congress and/or the public, or (c) address issues that have
significant economic implications. IDA Reports are reviewed by outside panels of experts I
to ensure their high quality and relevance to the problems studied, and they are released
by the President of IDA.

Group Reports
Group Reports record the findings and results of IDA established working groups and
panels composed of senior individuals addressing major issues which otherwise would be
the subject of an IDA Report. IDA Group Reports are reviewed by the senior individuals
responsible for the project an others as selected by IDA to ensure their high quality and I
relevance to the problems studied, and are released by the President of IDA.

PapersI

Papers, also authoritative and carefully considered products of IDA, address studies that
are narrower in scope than those covered in Reports. IDA Papers are reviewed to ensure
that thev meet the high standards expected of reiereed papers in professional journals or
formal Agency reports.

Documents
IDA Documents are used for the convenience of the sponsors or the analysts (a) to record

substantive work done in quick reaction studies, (b) to record the proceedings of
conferences and meetings, (c) to make available preliminary and tentative results of
analyses, (d) to record data developed in the course of an investigation, or (e) to forward

information that is essentially unanalyzed and unevaluated. The review of IDA Documents
is suited to their content and intended use.

The work reported in this publication was conducted uiider IDA's Independent Research
Program. Its publication does not imply endorsement by the Department of Defense, or
any other Government agency, nor should the contents be construed as reflecting the
official position of any Government agency.

This Document is published in order to make available the material it contains for the use
and convenience of interested parties. The material has not necessarily been completely
evaluated and analyzed, nor subjected to formal IDA review.
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PREFACE

This document was prepared by the Institute for Defense Analyses (IDA) underIIDA's Independent Research Program. The objective of the work was to discuss ways of

measuring cost growth in the acquisition of major defense systems.

The work presented in this document was reviewed by the Cost Analysis and

Research Division (CARD).
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I. INTRODUCTION

Public perception is that cost estimates for defense items are wildly inaccurate and

that defense contracts are chronically plagued by overruns. As part of an effort to

document and contain cost overruns in major weapon systems, the Department of Defense
(DoD) and others began to develop measures of "cost growth," the difference between the

planned cost of the system and the actual cost.

Among the reasons why a good measure of cost growth is necessary are the

following:

Individual program management. The Office of the Secretary of Defense
(OSD) and the services want to structure programs for effective
accomplishment of objectives. OSD can use cost growth measures to monitor
the progress of existing programs for Defense Acquisition Board and other
reviews. OSD will want to encourage and continue programs with low cost
growth and to emphasize cost containment efforts on programs with high cost
growth.

" Comparison of programs. A good cost growth measure would allow for
evaluation of competing programs.

" Congressional monitoring. Congress wants to be able to determine how well a
program is proceeding, and a good cost growth measure would be useful.

* Assessment of acquisition program management. The Comptroller regularly
issues the Selected Acquisition Report (SAR) summary tables, which serve as
a yardstick of how all programs are doing. Several studies have involved the
use of cost growth measures as a starting point to evaluate overall acquisition
experience. The results of these studies can then be used to evaluate the
effectiveness of cost estimating, changes in acquisition strategy, and
management initiatives in improving outcomes. Such measures are needed to
assess, for example, the effectiveness of the Packard initiatives of the early
1970s or to provide a baseline for evaluating 1980s initiatives, such as fixed-
price development and dual sourcing.

The objective of this document was to examine measures of cost growth in major

systems acquisition. Our approach was to examine the literature on cost growth and to

assess the advantages and disadvantages of the measures used. We then compiled our

thoughts on what could be done to improve existing measures of cost growth and to

develop new measures.
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II. PAST MEASURES OF COST GROWTHI

The Selected Acquisition Reports (SARs) are issued quarterly by the DoD and

provide information that can be used to develop measures of cost growth. The SARs are

status reports from acquisition program managers that contain the latest estimates of
progress in achieving technical, schedule, and cost goals.

The baseline is typically the estimates of technical, schedule, and cost goals at the

time that the program entered full-scale development (FSD). Technical goals vary

according to the type of equipment, and cover the weapon system's performance and

technical characteristics. The schedule goals reported typically include dates for FSD

contract award, initial operational capability (IOC), and the various acquisition milestones.
The cost goals include costs for development, production, military construction, and other3 program costs in both current and constant dollars. Each program has an established base

year, typically the FSD year.

3 As the program progresses, variances from planned costs are reported in the

following categories:

0 Quantity

3 • Schedule

* Engineering

3 * Estimating

* Support

I • Other.

The SAR information is often used as a starting point for measuring cost growth.

In the remainder of this section, we discuss various methods doing so. First, we discuss
methods used for measuring cost growth of a single weapons program. Then, we explore3 measures used for multiple programs. Finally, we report on methods employed for non-

defense programs.

3
I

3
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A. SINGLE-PROGRAM MEASURES

The most naive measure of cost growth is a simple ratio of the difference between 3
the current estimate (CE) and the development estimate (DE), divided by the development

estimate:

Cost Growth = (CE - DE)/DE

See, for example, Reference [1].

1. Adjusting for Quantity and Escalation

One problem that occurs in evaluating cost growth is that program plans change.

The quantity to be acquired may increase or decrease. Cost analysts make estimates based

on a particular quantity, and it does not seem reasonable to define increases in cost due to

increases in quantity as cost growth.

Adjustments to estimates to account for changes in quantity might be calculated in

one of two ways. The first way adjusts the development estimate up to the current estimate

quantity:

CG = (CE - (DE + Q))/(DE + Q) 3
where Q is the quantity variance. The second way adjusts the current estimate down to the

development estimate:

[(CE - Q) - DEI/DE.

The first measure tells us what the development estimate would have been for the quantity.

The second measure tells us, what the current estimate would be for the originally planned

quantity. The first measure may be usetul in evaluation of a single program; howcvzr, it

has the problem of creating a "floating baseline" in that the baseline changes as program

quantity requirements change [2]. Adjusting to the development estimate quantity, the

second option, has been used by most evaluators interested in documenting program

histories or in evaluating multiple programs [1 through 9]. In that case, each program is

evaluated against a fixed baseline.

There are different methods for determining Q, the quantity variance. The SAR

gives the program manager's best estimate of the quantity variance. Many evaluators have

used this estimate [1 through 7]. The DoD Instruction for determining this variance

requires use of the cost/quantity curve developed at FSD start [10]. However, when

working with historical SARs, it is not clear that this guidance is widely known or

4



followed, in addition, other quantity-related variance is contained in other variance

categories.

An alternative measure has been developed that involves independent estimation of

the price-improvement curve. The actual price-improvement curve is estimated, and the

point at which the development estimate quantity falls is called the DE [8, 9]. We believe

that this uniform adjustment method makes more sense.

Adjusting for escalation---e.g., working in constant "base year" dollars-is
important in measuring program management effects. In this formulation, cost growth due

to economic escalation (changes in anticipated inflation rates) is removed. In some

formulations, cost growth due to "program change escalation" is also removed. Program

change escalation is the additional escalation due to program changes [ 1 ]. For example, a

program "stretch" that involves acquiring items in later years would add to accrued

inflation.

Cost Growth = [(CE - ESC CE) - DE + Q - ESC DE)]/(DE + Q - ESC DE).

Figure 1 shows an example of this using the F-16 program. The various types of

cost growth have been decomposed. The figure indicates that measures of cost growth can

run from 70 percent to 700 percent, depending on the definition [1].

2. RAND's Work

Among a series of RAND studies on weapons acquisition, the one on acquisition

policy effectiveness in the 1970s [21 was particularly detailed in terms of methodology.

The single-program measures used include the ratio of the CE to the DE, in constant

dollars, adjusting quantity back to the DE quantity. This measure proved to be a vast

improvement over earlier measures. Working in terms of the development estimate

quantity avoids the problem of a floating baseline.

The RAND measure did have some problems, however. The report discusses a

correct quantity adjustment measure using the learning curve. However, this adjustment

was made by subtracting the quantity variance given in the SAR from the CE. As

previously noted, the methods used by program offices for calculating quantity variance

may not be uniform, and we prefer an objective, replicable measure using the price-

improvement curve. The study also failed to separate development and production cost

growth.

5
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In addition to measuring cost growth at a point in time, RAND plotted cost growth

ratios for a program at each year after Milestone II. These ratios indicated that many

programs exhibit very little cost growth ia their early stages, but that there is a general

tendency for cost growth to increase over time. This increase was attributed to a number of

factors; including:

* Unforeseen technical problems

I * Changes in scope and system performance

* Schedule slippage to meet funding or performance requirements

* Changes in estimating due to better information.

Unlike the Comptroller, the RAND studies omit planning and planning/

I development estimates in calculating cost growth. They include only those programs that

have a development estimate.

I3. IDA's Work

An IDA study on effective acquisition initiatives [9] provided a measure of

individual program cost growth that offered several advantages over past measures.

(Schedule outcomes were also presented.) First, unlike the RAND studies, IDA separated

development and production cost growth. This allowed for separate analyses of these

phenomena, which have different patterns and causes.

Second, IDA performed the quantity adjustment in a uniform way across programs.

All quantities were adjusted back to the development estimate quantity. This allowed for a

fixed baseline of the program. Instead of using the quantity variance given in the SAR, the

price-improvement curve on actual experience was used to adjust for quantity change. This

japproach provided an objective measure for comparing program outcomes.

j 4. MCR's Work

Work conducted at Management Consulting and Research (MCR) reported on

I variance analysis and performance indices and factors [ 1, 3, 4], but these are more oriented

to the contract level than the program level. For example, cost variance can be measured by

I comparing the budgeted cost of work performed with the actual cost of work performed.

In the Defense Acquisition Executive Summary (DAES) Analyst's Guide, MCR

used two methods for cost growth measurement: (1) Variance Analysis and (2)
Performance Indices and Factors. The terms and concepts were defined and described at

the contract cost level and, where appropriate, extended first to the contract price level, and

7



finally to the program level, where such terms were applicable. The terms used in the

analysis were:

* BCWS (Budgeted Cost of Work Scheduled)

• BCWP (Budgeted Cost of Work Performed) I
• ACWP (Actual Cost of Work Performed)

* BPWS (Budgeted Price of Work Scheduled)

I
* BPWP (Budgeted Price of Work Performed)• APWP (Actual Price of Work Performed).

BCWS is the dollar amount budgeted for work to be accomplished by a given time.
This time-phased budget plan represents what the contractor is trying to achieve, and cost

and schedule performance are measured against it. (It is used as the baseline.)

BCWP is the dollar amount budgeted for work actually accomplished by a given

time. It represents the earned value of work performed in terms of the original budget
(BCWS). BCWP is plotted only up to the "as of" date of the last cost performance report,

while BCWS can be plotted out to the end of the contract, since it represents a plan. When
compared to the original plan, BCWP shows how mary dollars are to be credited for the

amount of work performed through the "as of' date. A BCWP below the BCWS means
that the project is behind schedule. The MCR report gives no indication of how to measure

the work performed.

ACWP is the cost actually incurred by the contractor by a given time. This measure
is usually described in terms of cumulative expenditures to date and is represented

graphically along with BCWS (the plan) and BCWP (the amount budgeted for work

accomplished). ACWP can only be plotted up to the "as of' date in the latest cost

performance report. An ACWP above the BCWP means more dollars have been spent on
work accomplished than planned.

At the program level, BPWP is the program manager's best estimate of that portion

of the BPWS that actually was accomplished. It is the earned value for work performed
against a specific appropriation shown in the SAR. APWP (program level) is the program

manager's best estimate of the total price paid for all goods and services (work performed)

recorded against a specific appropriation shown in the SAR.

8



ICost Variance (CV) is a measure of how closely actual expenditures are tracking to

planned expenditures for work performed. (See Figure 2.) It can be measured in dollars

Ior as a percentage:

o CV = BCWP - ACWP

or

I CV% = (CV/BCWP) * 100

When CV < 0, more dollars have been spent for a given amount of work than planned.

When CV% < 0, costs are overrun.

Dollars

I Cv{

BCWP

Start of
Contract "As Of" Date

Figure 2. Cost Variance

ISchedule Variance (SV) is a measure of how closely work is progressing according

to plan. (See Figure 3.) It can be measured in dollars or as a percentage of work

Ischeduled:
SV = BCWP- BCWS

I or
ISV% = (SV/BCWS) * 100

9
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When SV < 0, the project is behind schedule. In this sense, SV can be measured in both I
dollars and time. If SV% < 0, then the project is behind schedule.

Target

Dollars BCWS

ACWPsv{I

•BCWPI
' I

I I' ,

SV in
Start of Time End of I
Contract "As Of" Date Contract

Figure 3. Schedule Variance I

The Cost Performance Index (CPI) provides a measure of cost efficiency with 5
which work has been accomplished. The formula is:

CPI = BCWP/ACWP 5
If CPI = 1, the program is progressing according to budget, but if CPI < 1, actual costs

exceeded budgeted costs. 3
The Schedule Performance Index (SPI) provides a measure of the schedule

efficiency with which work has been accomplished: 3
SPI = BCWP/BCWS

Percent Complete (%Complete) is a measure of the status of contract work in I
relation to the overall budget. It represents the relationship between actual progress

(BCWP) and the total budgeted dollar value of the contract, the budget at completion 3
(BAC). The formula is:

%Complete = BCWP/BAC 5
1

10
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IPercent Spent (%Spent) is the portion of the budget spent to date. It is the ratio of

actual expenditure (ACWP) and the budget at completion (BAC):

I%Spent = ACWP/BAC

The "To Complete" Performance Index (TCPI) measures the amount of "work left"
with the amount "money left."

jTCPI = Work Left/Money Left = (BAC - BCWP)/(BAC - ACWP)

If TCPI = 1, the program is running according to plan, but if TCPI >1, "work left" exceeds
I "money left."

The strength of this approach is its comprehensiveness. Weaknesses include:

• It is more oriented to contract level

There are no specific milestones or delivery dates for work performed

It provides for no quantity adjustment.

B. MULTIPLE-PROGRAM MEASURES

1. The "Hump Chart"

I The Comptroller issues a report each year with the SAR summary tables. This

report gives two cost growth measures: percentage of cost growth to date in quantity-

adjusted base-year dollars, and percentage of cost growth to date in quantity-adjusted then-

year dollars. Quantity adjustment appears to be done according to the SAR variance
categories, adjusting the development estimate to the current estimate quantity. This

procedure has some advantage if one is interested in monitoring individual programs,

because it brings the dollar magnitudes closer to actuals. However, it has the problem of

creating a floating baseline.

IA total cost variance is also provided for the current quarter and to date. The total

cost variance is broken down into the standard SAR cost variance categories.

I Baselines depend on the stage of the program, and are referred to as planning

estimate (PE, calculated at Milestone I), development estimate (DE, calculated at Milestone

H1), and production estimate (PdE, calculated at Milestone III). The production estimate is a

relatively new measure. In the early 1980s, programs were given the option of re-

baselining at Milestone III. In 1985, this re-baselining became mandatory.

11
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The Comptroller also maintains a measure of annual rates of program cost growth I
for selected SAR weapon systems, the "hump chart" (see Figure 4). This chart is

developed using a method discussed in a special study by the Congressional Budget Office I
(CBO) [7]. I

15- Current Year I
10,

se I

5 , Base Year

0 )

-5

P " I

-5 I * I I

1978 1980 1982 1984 1986 1988 

Figure 4. Annual Rates of Program Cost Growth for Selected SAR Weapon
Systems (Excluding Economic and Quantity Changes) 3

For each year, the new cost growth posted to the SARs is evaluated. All new non-

quantity cost variances (using different base years) are added up and divided by the total I
development estimate (again using different base years). The mixing of base years can
distort cost growth experience. For example, base-year dollars might mean 1982 dollars 3
for one program and 1975 dollars for another.

In addition, the cost growth represented here includes both past cost growth and 5
anticipated cost growth. The accuracy of projected cost growth will not be known until all

of the systems have been produced and delivered. 3
During the early 1980s, some policymakers speculated that cost growth was a thing

of the past This perception was based on the relatively small cost growth during that time, 5
I

12
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I as shown in the hump chart. In the late 1980s, cost growth as measured by the hump chart
increased. Several factors might distort these early 1980s estimates:

1 • New Programs. During the 1980s, there was an unusually large number of
new starts. In the 1981-85 period alone, at least 18 major programs went into
FSD. As shown in a number of studies, cost growth is relatively low in new
programs, and tends to increase as uncertainty decreases and reality is faced.

0 Program Funding. Programs in the 1980s were amply funded, due to the
defense buildup. Therefore, cost analysts had less incentive to be optimistic
about costs when doing the development estimate.

I Inflation Dividend. During the late 1970s, inflation outran program funding
requirements. During the early 1980s, the rate of inflation declined, and the
DoD (and many other forecasters) overestimated inflation. This resulted in
program overfunding in then-year dollar terms. Again, this made it seem like
there was less cost growth.

I Programs Not Included. During the 1980s, there were several major "black"
programs, particularly those involving Stealth technology. These programs
were not included in cost growth estimates, but the DoD is currently trying to
include the costs even of sensitive programs wherever possible.

The disadvantages of the hump chart include:

• The cost growth measure includes both historical and anticipated costs, with no
separation between them.

• The quantity adjustment is taken directly from the SAR.

• Development and production are considered together.

• Both the base-year and the then-year estimates mix different year dollars.

• Programs at different stages are considered together.

2. MCR's Work

In addition to single-program estimates, MCR also provided estimates of cost
growth over time aggregated for all programs. As shown in Table 1, unadjusted cost
growth is 59.2 percent, quantity-adjusted cost growth is 26.1 percent, and cost growth

adjusted for quantity and escalation is 11.8 percent. This type of estimate suffers from the

deficiency of being a diverse population of systems in different stages of development and

production.

These estimates are also presented grouped by service and by program phase.
Estimates of average cost increases are also presented on a per-program basis, on the

13
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grounds that "smaller dollar value systems grow more (on a percentage basis) than large I
programs, i.e., the poorer performance of the smaller programs is hidden by the greater

cost stability of the larger ones." In fact, this calculation did make a difference-merely
adding real cost growth and dividing by the total DE resulted in 11.8-percent real growth,
while individual programs averaged 22.7 percent.

Table 1. Total Cost Growth for 96 Systems Listed In the December 1983 SARs 5
Billions of Dollars

Development Percentage
Estimate Other Growth

Dollar Development Adjusted for Program Economic Current Adjusted
Measure Estimate Quantity Changes Escalation Estimate for Quantity

Current $471.0 $594.4 $130.6 $24.7 $749.7 26.1% 3
Base Year $312.2 $351.6 $41.6 - $393.2 11.8%
Difference $242.8 $356.4 46.8%

Unadjusted Growth = (749.7 - 471.0)/471.0 = 59 2% 3
Growth Adjusted for Quantity = (749.7 - 594.4)/594.4 = 26.1%

Growth Adjusted for Quantity and Escalation (393.2 - 351.6)/351.6 = 11.8%
Growth of Inflation = (356.4 - 242.8)/242.8 = 46.8%

Source: Reference [1].

MCR uses these all-program averages to identify individual systems that have
growth rates higher than average, and suggests that they be targeted for increased 3
management attention.

They also present an annualized rate of growth per program, by the number of 3
years past the development estimate. Figure 5 shows an annualized growth rate of 3.8
percent [1]. This measure is useful in illustrating that cost growth tends to accumulate as

the program ages. This is because information improves and uncertainty lessens as the
program ages. It is also true that, because there is an incentive to delay reporting bad

news, cost growth tends to accumulate over time.

In later work, analyses were performed that examined growth over four years
(1979-1982) of a constant set of 37 systems [3]. This avoids significant problems of a
changing population and non-comparable programs.

1
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3. RAND's Work

A series of RAND studies on acquisition policy originated with an inquiry by Dr. 3
John S. Foster, then Director of Defense Research and Engineering, about the possibility

of comparing the accuracy of program estimates between the 1950s and the 1960s. The 3
first of these studies that indicated a measure of cost growth [6] contrasted outcomes of
programs during the 1960s with the experience of programs during the 1950s. Cost,

schedule, and performance outcomes were examined. Because of data problems, only I
undeflated contract dollars were considered. Most cost growth ratios fell between 1.0 and

2.0, but some ranged as high as 5.6. "By means of a statistical model, cost factor numbers I
were related to time differentials-the time lapse between the construction of a cost estimate

and the completion of the program. . . . The analysis showed that, on average, cost 3
estimates for the 1960s were about 25 percent less optimistic than those for programs of the
1950s." (Reference [6, p.vi].) 3

These cost growth factors suffered from several deficiencies. First, they were
derived before there was a process for systematic documentation of program histories. In 3
addition, cost growth for 1950s programs were based on unit costs of production items,
while cost growth for the 1960s included both development and production. Although

1950s (and possibly 1960s) cost growth estimates seemed to be based on unit costs, no
mention was made of any other correction for changes in quantity. Depending on the

magnitude of quantity changes, failure to adjust for the learning relationship could seriously
bias the results.

In these estimates, RAND estimated a function: I
log CGRatio = log a + b M

where M is the number of months from the initial estimate to IOC.

RAND found that cost growth in the 1960s was lower than that in the 1950s for a 1
given time interval between estimate and delivery. They also found that, as one would

expect, the longer the amount of time the estimate covered, the less accurate the estimate

was.

The multiple program measures included: 3
. Average cost growth ratio for a group of programs (programs with Milestone

II in the 1970s, for example).

" Average cost growth ratio weighted by program size (which allows for the
general pattern of less growth in high-value programs).
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I • Median cost growth ratio.

* The above measures, excluding programs fewer than three years past
Milestone II. This measure makes some adjustment for the fact that cost
growth tends to accumulate over time, and it does not make sense to compare
mature or completed programs to new programs.

Average annual linear rate of program cost growth. This is calculated by
regressing each program's cost growth ratio by the number of years past
Milestone II and forcing the regression through the origin to assume 0 growth
at Milestone II. This method again attempts to adjust for the fact that cost
growth accumulates over time. The average annual rate was found to be 5 to 6
percent in the 1970s compared with 7 to 8 percent in the 1980s. The method
appears to be appropriate for the comparison of progran-ib in the 1960s and the
1970s, when there was a mix of new and mature programs. In the 1980s,
however, there was a surge in new programs, and this measure would not be
appropriate.

I One advantage of RAND's measures was that a quantity adjustment was made.

Among the disadvantages were that the quantity adjustment was taken directly from the

SAR rather than calculated from a full price-improvement curve, and a biased population of

programs, including some very young programs was used.

I 4. IDA's Work

Asher and Magellet of IDA looked at cost growth over two time intervals, DE to

IOC and IOC to latest available estimate [11]. They also looked at average cost growth per
i year.

The strengths of the Asher-Magellet measure include:

I It separated past from future cost growth.

• It used readily available data and appeared to be replicable.

j • It adjusted for inflation.

• It was able to measure development and production separately and together.

I The principal weakness of the method was that it lacked a quantity adjustmen

In the study on effective initiatives previously mentioned [91, the aggregation of

I programs was done more correctly. Programs were excluded from the analysis if they had

fewer than three years of experience in either development or production--e.g., programs

I with fewer than three years of development experience had no measures calculated for
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them, and programs with fewer than three years of production experience had only the I
development measure calculated.

Also in that study, programs were weighted by dollar size when cost growth

percentages were compared. Cost growth was analyzed by decade, by equipment type, by

new vs. modification program, and by program phase. A separate analysis using only I
completed programs was also performed.

5. Compound Growth Rate

Biery [12] developed a method designed to correct for the distortions of program 3
age. Biery used annual compound growth rates to make this adjustment:

Cost Growth Ratio = A (1 + R) v  3
where A is forced through a cost growth ratio of 1.0, and

R = the compound growth rate to be estimated

Y = the number of years from the development estimate. 3
These growth rates were used to compare the records of programs by decades.

Biery found that programs of the 1970s had a lower compound annual growth rate than

programs of earlier decades, but that the 1970s programs tended to last longer.

6. Time-Series Approaches

Sapp [ 13] evaluated the cost accounting approach and the cost-category approach,

but was most interested in what he calls the predictive-functional approach to measuring
cost growth. He views the cost-schedule-performance triad as a response surface. Figure

6 shows a performance contour map. For a given level of performance, cost is a convex
function of schedule-e.g., very short programs cost the most, while the benefits to having

more time eventually level off. Higher levels of performance require longer development

time and/or cost more.

The equations used were adapted from works of such time-series analysts as Box, 3
Wilde, and Draper and Smith. Sapp's concept was

Y = f (X, B, R), 3
where

Y = cost outcome 3
X controllable factors, such as type of contract and contractor
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B = boundary factors, such as state-of-the-art technology, the national economy,
and inflation

R = random events, such as mobilizations and current events.

Cost (C)

P2

Pi

Schedule (S)

Source: Reference [13], Figure 5.

Figure 6. Cost-Schedule Performance Response Surface

Sapp identified the following candidate variables for studying the cost outcome of a

modification program:

Government variables, such as air materiel area, using command, program
personnel/program cost, program personnel turnover rate

° Product variables, such as technological advance sought, and kit type

• Procurement variables, such as program priority, funding support,
procurement method, number of contrarts, type of contract, and time
sequencing

Contractor variables, such as the optimism of proposal assessment, past
procurement performance, and percentage of government business.

A study by Launer, Candy, and Carter [14] also used predictive-functional

techniques. They found that contract duration is strongly related to cost growth. Inflation
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has a small positive effect, and the effect of technology level was significant for Army

programs but not for the Navy or the Air Force.

7. Explanatory Models

The IDA study on effective initiatives [9] made a preliminary investigation of the

drivers of total program cost growth. Candidates included development outcomes,

equipment type, new starts, acquisition initiatives, schedule length, and program stretch.

Of these, development schedule growth, program stretch, and development schedule were

three significant drivers.

The estimating equation was:

TPCG = 0.56 + 0.30 *DSG + 0.07 * STRETCH + 0.004 * DS
(3.06) (2.23) (2.60)

R2 = 0.38 F = 9.86 N = 52

where

TPCG = total program cost growth

DSG = development schedule growth

STRETCH = program stretch, the ratio of production schedule growth to production
quantity growth

DS = development schedule length.

Numbers in parentheses are t-statistics. The relatively low explanatory power of

the equation indicates that further investigation of cost growth drivers would be useful.

In later unpublished work, a start was made toward investigating the impact of

contractor and industry conditions on cost growth. Capacity utilization in the aerospace

industry was a positive and statistically significant variable in explaining cost growth.

Another IDA study [8] used essentially the same measure to assess the acquisition

programs of 19 tactical weapons. This time production cost growth was found to be

significantly related to development schedule slip page, but development cost growth was
not related to development schedule growth.

Harman [15] added a factor to the model to control for not just the length of

development but the level of technical advance. He found that longer, more ambitious

programs tended to have higher cost growth. When controlling for technical reach, the

1960s looked worse relative to the 1950s than in a prior study. Cost growth weighted by

program size and unweighted yielded similar results.
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I Harmon, Ward, and Palmer [16] developed schedule estimating relationships for

tactical aircraft. Watkins [16] and Norden [17] used similar methods. The development

cost equation used could also be applied to track development cost growth. The function

used was:

Y = K (1-e-At**2
where

w Y = cumulative spending in the given year or other time period

K = eventual cumulative spending

t = months past program start.

That function is intrinsically non-linear and must be estimated using iterative

techniques. We would prefer a linear or linearizable function.

Moses [ 18] has shown that prior to production factors can be identified that are

associated with cost overruns or cost savings. He measured cost over(under)runs as the

residual of regressions of production cost on measures of technology state-of-the-art and3 technology advance embodied in ahcraft. He found that cost variances are most strongly

related to program size, defense spending at the time of program initiation, and the rate of3 inflation at pro,., ., start [18, p. 46]:

Larger programs, because they are more risky or more difficult to manage, tend to be
associated with cost overruns. When defense spending is high, cost overruns tend to
result. This is consistent with an environment favorable to defense spending leading to
acceptance of a higher price by DoD. Cost overruns also tend to follow periods of rapid
inflation.

U C. NON-DEFENSE STUDIES

I 1. Energy Process Plants

A series of RAND studies in the late 1970s and early 1980s [19 through 21]

considered the problem of cost growth in the civilian world. New energy process plants

were found to have problems similar to weapon systems. Costs were consistently

underestimated. As with weapon systems, factors that increase costs include scope

changes, unanticipated inflation, unanticipated regulatory changes, management practices,

bad weather and other miscellaneous factors. Scope changes were regarded as

discretionary and were generally not adjusted for.

RAND also analyzed the factors that affected estimation accuracy. A model was

developed to help quantify those factors and to evaluate program risk early in the process.
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The major factors included: percent new (percentage of the cost representing technology

unproven in commercial uses), an index of degree of difficulty posed by process

impurities, complexity (number of process steps in the plant), degree of completeness of

cost estimate, and project definition (levels of site-specific information and engineering

included in the estimate). 3
2. Growth Accounting 5

The growth accounting approach is another way of separating controllable and

uncontrollable factors in analyzing cost growth. 3
Edward Denison originated the use of growth accounting in macroeconomics [22].

In his formulation, the factors accounting for economic growth can be expressed as an 3
identity. For example, nonresidential business output is decomposed into total factor input

times output per unit of input. The residual is then left as an unexplained, or

immeasurable, factor-in Denison's case, technology growth.

Freeland and Schendler [23] used a similar approach in assessing factors

accounting for growth in national health expenditures. They were interested in presenting

an explanation for why health spending was growing faster than the gross national product

(GNP). Over the period 1979-82, for example, real GNP increased less than I percent,

while real national health expenditures increased nearly 13 percent. This sort of large

growth led to initiatives to control costs and improve management of the health care system 3
on the part of Congress, the states, and private industry.

The accounting approach used by Freeland and Schendler (which is used both to I
account for present spending levels and to predict future spending levels) is:

National health spending cost growth ratio = Growth in general inflation I
x Growth in health care inflation over and above general inflation
x Growth in population x Growth in quantity of services per capita
(measured in terms of hospital days and physician visits, for example)
x Growth in intensity (the mix and content of services and supplies per
visit or per day).

The first four factors are measurable, the last, intensity, is the residual. In terms of I
policy, general inflation and population growth would be viewed as beyond the control of

policymakers. However, the rate of health care inflation relative to general inflation might I
be reduced by policy measures, as could growth in quantity and intensity. This model,

then, illuminates the factors relating to health care cost growth. 3
I
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How is this relevant to acquisition cost growth? The same sorts of factors might be

developed for defense policy, as a measure of affordability of programs. At the individual
program level, the SARs, as noted above, follow a growth accounting approach.

However, the categories as defined do not represent a simple accounting identity.
Additionally, a multiplicative model using ratios would be more analytically sound than the

additive model used in the SARs.

SA strict model at the program level could consist of:

System cost growth ratio = Growth in general inflation x Growth in the
appropriate deflator's inflation over and above general inflation
x Growth in program quantity per year x Growth in program schedule
x Residual unexplained factors.

I The problem that needs to be worked out with this model is that the model assumes

a linear relationship between program quantity and cost. In major systems, there is a price3 improvement relationship that needs to be incorporated.

The implementation of this approach in the cost growth literature is imperfect and is3 complicated by the learning relationship. We would like to be able to look at something

like:

3 Cost Growth over DE = (Quantity Growth) * (Price Growth).
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1 III. NEW MEASURES OF COST GROWTHI
There is no single "right" measure of cost growth. Rather, there are families of

measures for different purposes. In the previous section, we discussed some existing

measures and their strengths and weaknesses. In this section, we elaborate on what could3 be done to improve existing measures.

A. SINGLE-PROGRAM MEASURES

I A cost growth measure, to the extent possible, should be constructed to shed light

on the reasons for the cost growth. In the eyes of the cost analyst, cost growth should be3 adjusted for factors beyond the control of the cost analyst.

The ideal program baseline is one made early enough to allow OSD to monitor the

program, yet late enough to be a realistic estimate of a well-defined system. The

convention used by OSD has until recently been to measure from the start of full-scale

Sdevelopment, when the system is defined.

It is important to remember that, even with an ideal baseline, what we are doing is

Smeasuring the outcome of a forecast, which involves both a total cost estimate and a

forecasted spending stream. The original forecast may have been unrealistic. There are3 often perverse incentives in estimating the cost of major programs. These incentives vary

depending upon conditions at the time of the estimate.

We believe that it is important to maintain the measurement of cost growth from the

development estimate, rather than to use the new production estimate if the purpose of the3 measure is to evaluate cost analysis and acquisition policy.

Also, since we are working from an OSD point of view, we want to adjust for

inflation. If we were working from a congressional point of view, we would not, since

Congress budgets in nominal dollars, not real dollars.

3 In past SARs, program offices were sometimes allowed to develop customized

price indexes for inflation adjustments on the grounds that the mix of inputs and the

spendout rate for their particular program was unique. This practice concealed a great deal

of mischief. If the input price index can be specified in enough detail and the weights

customized, it is possible to account for virtually all cost growth in terms of inflation.
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OSD now prescribes deflators. However, they are still specific to the service, to

the appropriation (RDT&E vs. procurement), and to the equipment type (e.g., Air Force

aircraft vs. Navy missiles).

From the standpoint of congressional budgeting, it would be useful to show

inflation both in terms of the prescribed OSD deflators and in terms of historical and
projected broader measures such as the implicit GNP price deflator. In terms of cost

analysis, when we are trying to track program management effects, it is simpler and more I
convenient to use base-year dollars throughout the calculations. However, to the extent to
which inflation is underpredicted by OSD, programs will tend to exhibit then-year dollar

cost growth even though the program achieved its goals in real terms. This is because

escalation rates used in developing the out-year budgets are likely to be different from the 3
rates used for the development estimate.

In this report, we do not treat the issue of inflation completely, but instead work in

base-year dollars throughout. Nevertheless, this is an important area for future study.

We further recommend that only two adjustments be made for program change- n

inflation and quantity. They should be performed in that sequence. From the point of view

of the cost analyst, the inflation adjustment can be avoided by always working in constant

dollars.

1. Development Cost Growth 3
Total cost growth in development is relatively easy to measure. It is simply the

ratio of the development estimate to the current estimate. No quantity adjustment is I

necessary, because the purpose of development articles is to get the system to IOC. In any

event, the number of development articles purchased is usually not substantially different

from the number planned.

The one judgment call in measuring development cost growth is whether or not to

cut off development spending at IOC. Often, there is real cost growth past IOC.
However, substantial expenses in the RDT&E budget after IOC are typically for

modification programs, which represent a clear scope change from the baseline DE

program.

Quantity is generally not adjusted for in development programs. This is because the

bulk of cost in a development program is fixed rather than variable with the number of

development articles.
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2. Production

Cost growth in production is complicated by changes in quantity procured. A
typical solution when funding is scarce is to "stretch" the program-to buy fewer units
over the same period of time or to buy the planned number of units over a longer period of

time.

Program stretch can greatly increase cost estimates. This is because defense
contractors have both fixed and variable costs. Variable costs change when quantity

changes. However, fixed costs vary not with respect to quantity but with respect to time.

Even if the same number of items are being acquired, costs might be higher because of
fixed costs incurred when the program is stretched.

There shou'i be an appropriate quantity adjustment using the current estimate actual
price-improvement curve and adjusting back to the development estimate quantity. This

adjustment should be done using the price-improvement curve on actual data, rather than by
using the quantity adjustment in the SAR, which represents only a best estimate and is
based on the DE curve, not the CE curve.

3. Separating Past From Future

A major defect of past measures of cost growth is that they essentially compare a
projection to a projection. Thus, the total program cost growth measure for an ongoing
program included both cost growth that already has occurred and an estimate of future cost
growth. It would be useful to separate these two categories, since the former is water

under the bridge, while the latter may still be prevented. This is particularly important
during the development process, as programs last longer.

4. Accounting for Cost Growth

A growth accounting approach that measures only those variables that can be
measured with precision, and leaves the rest as a residual, could be a useful policymaking

tool. As indicated above, this type of analysis can be powerful, but it is hampered by the
problem of adjusting for learning and rate. Nevertheless, if these problems could be

resolved, the DoD would have a tool for separating controllable and uncontrollable factors

in cost growth. At the very least, one would want to separate inflation as measured by the
GNP deflator from defense-related inflation.
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5. Assessing Program Risk

One can also assess program risk by looking at more sophisticated measures for I
specific programs. For example, total program cost growth is related to development

schedule growth, program stretch, and development schedule length [9]. These factors can

be used to predict cost growth early in a program.

B. MULTIPLE-PROGRAM MEASURES i

1. Tracking Cost Growth 3
The measure proposed by the Congressional Budget Office (CBO) and

implemented by OSD is designed to give an indication of the DoD's progress in curtailing 3
cost growth in weapons acquisition through various management initiatives. As noted by

CBO [7, p. 7]: 3
Not all program-cost changes are the responsibility of DoD management. Many factors
influencing estimated costs are beyond the control of the program manager. For example,
the unexpected capability of a potential enemy to jam the guidance system of an air-to-air l
missile may require an engineering change to counter it. Therefore, program-cost
changes, excluding economic and quantity changes, can serve only as a very general
indication of the impact of the Department's efforts to improve acquisition programs. 3
We recommend the following:

The three types of baselines should be reported separately. Currently, all three
types of baselines are mixed. I
Percentage cost changes should be calculated separately for each program and
then weighted by program size in common-year dollars. This eliminates the I
problem, noted by CBO, that the base year varies by program, so even
constant-dollar data do not have a common base year. 3
Development and production cost growth should be calculated separately. The
stage of completion should be noted, so analysts could exclude production cost
growth calculations for programs not yet in production, if desired.

Annual growth rates, should be calculated, and programs should be grouped
by percentage of planned or actual schedule completed. i
Programs should be compared with past averages by equipment type. Tyson,
Nelson, Om, and Palmer [9] provide averages for comparisons of this type. 3

2. Cost Growth Estimating Relationships

In the same way that they use cost estimating relationships, cost analysts need to

use cost growth estimating relationships. These estimating relationships would allow cost
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analysts to assess program risk or to assess the potential outcome of a partially completed

program in a more rigorous way.

In the studies attempting to evaluate the success of policies in a particular era,

programs are typically grouped by the year of full-scale development. This is a useful

classification, because the acquisition strategy is typically decided at this time. However,
programs vary in terms of length, and policies have changed unusually rapidly in recent

years. It would be useful to have a measure that took into account for each program the

specific combination of policies used in each program. This would allow for the evaluation

of acquisition policy in a more precise way than the approach of dividing programs into
decades or half-decades allows.

Among the factors that need to be considered are:

Variables beyond the control of the individual program, such as:

The overall tightness of the defense budget at the time of the cost estimate,
which is a proxy for the incentive to estimate costs on the low side. If the
budget is very tight, there may be pressure to be optimistic about costs in
order to sell the program. This variable could be measured by the real
percentage change in the defense budget, or the defense acquisition
budget, using a five-year movlig average.

Inflation in the economy. This variable could be measured by the
percentage change in the GNP deflator.

Defense inflation. This can be measured by the ratio of changes in the
defense deflator relative to the GNP deflator.

Market conditions in the industry, as measured by capacity utilization.
This is a proxy for the "hunger" of the industry to complete the program
in a cost-effective manner. If capacity utilization is relatively low, then
contractors are likely to be willing to reduce costs in order to keep
business.

- Variables relating to general economic conditions, including GNP growth.

Program characteristics:

- Acquisition initiatives

- Contract types

- Technology reach

- Planned schedule length, relative to averages for past programs

- Program size, as a measure of managerial challenge to the contractor and
the government
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- Equipment type

- Program stretch. (Ideally, this would be treated as an endogenous
variable. Some stretches occur largely because of general constraints on
the budget; others occur because the program itself is in trouble.)

Contractor variables:

- Contractor dummy (It would be useful for the government to find out
whether or not some contractors perform consistently better than others.)

- Percentage of defense to total business base

- Financial ratios showing capital intensity (e.g., capital/labor or capital/
assets ratio) and profitability

- The percentage subcontracted I
- Contractor size relative to program size

- Program size relative to total business base.

* Random events such as mobilizations and threat changes.

These models could be used in a number of ways. They can be used to explain 3
differences in past behavior or to evaluate the impact of policy in different acquisition eras.
They could also be used to assess program risk-e.g., predict cost growth-at the

beginning of a program, as well as to simulate the impact of changes in the program. OSD I
could also use these models to assess the realism of submissions by the military services.
In an era in which budgeting for affordability is particularly important, these projections

would be useful.
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